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PRIMARY  CELLS  AS  A  SOURCE  OF  POWER 

During  the  period  from  the  beginning  of  the  nineteenth 
century  to  the  early  eighties,  the  primary  cell  as  such  reached 
its  most  rapid  development.     Special  cells  were  designed,  and 
new  types  of  cells  were  invented  for  all  the  various  uses  of 
electricity.    Those  that  were  designed  for  work  requiring  but 
very  small  current,  3uch  as  standard  cells,  dry  cells,  the 
Daniel  cell,  gravity  cell  etc.,  have  survived,  but  those  that 
were  invented  to  supplant  the  dynamo  have  never  come  into 
practical  use.     The  class  between  the  two  just  mentioned  never 
developed  due  to  the  invention  of  the  storage  battery.  The 
storage  battery  offering  such  bright  prospects  encouraged  in- 
ventors to  extend  their  energies  in  that  direction,  thus  caus- 
ing a  remarkable  development  of  the  storage  battery  and  leaving 
the  primary  cell  as  a  source  of  power,  in  a  primitive  stage. 

In  this  era  of  electrical  development  the  primary  cell 
should  be  a  big  factor.    The  most  important  problem  before  the 
electrical  investigator  is  the  production  of  cheap  electricity 
and  wherein  this  can  be  effected  is  the  starting  point  of  the 
investigator.     The  principle  modes  by  which  this  may  be  obtained 
are,  first,  improvement  in  steam  boilers  and  engines,  gas  en- 
gines, and  other  such  existing  transformers  of  power;  second, 
the  utilization  of  natural  powers,  such  as  water-falls,  currents, 
etc;  the  electrochemical  decomposition  of  substances  in  the 
voltaic  cell.     It  is  along  this  third  line  that  the  investi- 
gation is  concerned. 
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The  voltaic  cell,  more  commonly  known  as  a  primary  cell  as 
a  single  element  is  called,  is  a  device  for  the  conversion  of 
the  potential  energy  of  chemical  separation  into  the  energy  of  an 
electric  current  as  distinguished  from  a  storage  battery,  the 
primary  battery  is  one  in  which  the  materials  are  combined  in  the 
cells  in  such  a  state  as  to  be  immediately  utilized  in  produc- 
ing an  electric  current,  while  in  a  storage  battery  the  materials 
or  elements  must  first  undergo  an  electrolytic  treatment  before 
it  can  produce  a  current. 

At  the  present  time  there  is  an  equilibirum  between  the 
uses  of  the  primary  battery  and  the  storage  battery.    For  work 
requiring  any  noticeable  amount  of  power  the  storage  battery  is 
used,  leaving  the  primary  cell  for  purely  potential  work  or 
uses  that  require  but  very  little  current,    There  are,  however, 
instances  where  both  are  used  for  the  same  service,  nevertheless, 
the  general  distinction  is  quite  marked. 

Taking  up  this  particular  case,  that  of  supplying  power 
for  standby  service  in  a  central  station,  there  are  the  follow- 
ing facts  to  contend  with.     In  case  the  machines  of  a  power 
station  break  down  there  must  be  an  instantaneous  auxiliary  supply 
of  power  so  as  to  maintain  continuity  of  service.    When  start- 
ing the  machines  after  a  breakdown  there  must  be  a  source  of 
power  for  excitation  and  for  furnishing  light  and  power  nec- 
essary for  repairing  the  machines.     Also  it  must  be  absolutely 
reliable.     The  only  solution  of  this  problem  has  been  the  stor- 
age battery.     A  system  of  batteries  of  about  10%  to  30%  of  the 
total  coincident  maximum  load  of  the  station  are  allowed  to  float 
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on  the  line,  but  are  not  discharged  except  in  some  emergency. 
They  are  purely  for  standby  service.  Then  should  any  break- 
down occur  the  batteries  are  across  the  line  always  ready  to 
supply  the  power  necessary.     They  are  very  seldom  called  into 
service.    A  general  average  would  be  once  in  a  period  of  two 
years  for  a  duration  of  five  to  ten  minutes.     Ten  minutes  is  a 
maximum,  the  usual  duration  of  break-down  service  is  five  minutes. 
If  a  break-down  cannot  be  remedied  in  ten  minutes,  it  can  be 
taken  for  granted  that  it  is  of  such  a  nature  that  a  much  longer 
period  of  time  would  be  required  and  the  plant  would  be  entirely 
crippled. 

This  standby  service  is  maintained  for  the  accommodation 
of  those  customers  who  demand  a  continuity  of  service  due  to  the 
nature  of  the  particular  use  of  the  electrical  power,  and  for 
excitation  purposes.    Where  a  plant  is  to  supply  electrical  power 
for  a  big  city,  it  is  necessary  to  have  standby  service,  as  an 
interruption  of  service  would  cripple  all  industries,  tie  up 
street  cars  and  elevators,  put  the  busy  down-town  or  business 
section  in  a  quandary  by  throwing  them  out  of  light,  and  in 
general  would  produce  disastrous  results.     Thus  even  though  the 
standby  service  is  maintained  at  a  great  expense  it  has  its 
place  as  much  of  the  success  of  the  operation  of  a  central  sta- 
tion depends  upon  it. 

While  the  storage  battery  is  seemingly  very  adaptable  for 
such  service  there  are  a  few  serious  objections.     First,  is  the 
great  initial  cost,  for  example  at  the  Commonwealth  Edison 
Company  of  Chicago  the  storage  battery  system  for  standby  ser- 
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vice  represents  a  total  investment  of  over  4,000,000  dollars, 
having  a  capacity  of  only  about  ten  per  cent  of  the  total  coin- 
cident maximum  load;  second,   the  batteries  are  partially  dis- 
charged and  charged  again,  at  frequent  intervals  by  some  compan- 
ies to  keep  them  in  good,  and  reliable  condition,  which  will  bring 
the  yearly  operation  expnse  and  depreciation  to  9%  of  the  ini- 
tial cost.      From  an  efficiency  standpoint,  a  central  station 
could  decrease  either  the  initial  cost  or  yearly  upkeep,  or  both, 
providing  the  service  obtained  would  be  as  reliable  and  efficient. 

It  is  the  object  of  this  thesis  to  prove  the  adaptability 
of  primary  batteries  for  such  service.     This  comprises  an  in- 
vestigation of  the  various  primary  batteries  to  firid  one  that 
can  furnish  the  power  as  required  and  yet  be  simple  and  cheap. 
To  be  efficient  the  primary  cell  must  give  up  a  good  proportion 
of  its  energy  in  constant  voltage  regulation  at  a  oonstant 
current  density. 


*  The  tendency  is  to  do  away  with  this   partial  discharge 
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CHAPTER  II 

While  there  are  a  great  number  of  primary  cells,  but  few 
can  withstand  a  high  current  capacity,  for  more  than  a  few  sec- 
onds without  ruining  the  cells.  These  are  as  follows. 

(1)  Edison  -  Leland  Cell. 

(2)  Chromic  Acid  Cell. 

(3)  Potassium  Bichromate  Cell. 

(4)  Sodium  Bichromate  Cell. 

The  Edison-Leland  Cell  is  the  only  one  of  the  above  mentioned 
that  is  on  the  market,  and  is  furnished  in  size^  varying  from  50 
to  600  ampere  hour  capacity.     The  voltage  of  this  battery  at  any 
rated  capacity  is  exceedingly  low  dropping  to  .35  volts,  at  6  amperes 
which  is  about  the  maximum  current,  thus  to  obtain  1000  K.W.  at  110 
volts,  which  requires  9090  amperes,  there  must  be  about  300  groups 
in  series,  with  1515  cells  in  parallel  in  each  group.     In  all  re- 
quiring 454,500  cells.    From  this,  the  space  required  would  make  this 
battery  impractical,  as  well  as  the  initial  cost  which  would  be 
over  a  million  dollars  excluding  connections  and  switching  appli- 
ances. 

The  problem  then  resolves  itself  into  determining  experiment- 
ally the  relative  qualities  of  the  chromic,  potassium  bichromate, 
and  sodium  bichromate  cells,  for  which  the  following  method  of 
procedure  was  adopted. 

A  series  of  test  cells  were  made  up  of  zinc  and  carbon 
electrodes  placed  very  close  together  to  make  the  internal  resis- 
tance a  minimum.     Tests  were  first  made  on  the  chromic  acid  cell, 
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which  is  comprised  of  carbon  and  zinc  as  the  positive  and  nega- 
tive electrode,  and  the  electrolyte  of  water,  chromium  trioxide, 
and  sulphuric  acid.     Using  the  above  electrolyte  trials  were  made 
determining  the  porportions  of  each  which  would  give  the  maximum 
power  output,  noting  at  the  same  time  the  value  of  the  current. 
Then  using  a  fresh  electrolyte  of  the  proportions  that  gave  the 
maximum  power,  the  resistance  in  the  external  circuit  was  ad- 
justed to  allow  the  proper  current  to  flow  to  give  the  maximum 
output,  and  readings  were  taken  of  the  current  and  voltage  every 
minute  for  a  period  of  ten  minutes  to  ascertain  the  regulation, 
which  should  remain  practically  constant.     The  proportions  of 
the  electrolyte  were  again  varied  to  obtain  an  electrolyte 
which  will  give  the  best  regulation. 

At  the  best,  the  voltage  dropped  rapidly  after  a  few  minutes 
due  to  polarization  which  resulted  from  the  high  current  density, 
and  accordingly  the  current  and  power  output  decreased.  This 
showed  the  ineffectiveness  of  solely  a  chemical  depolarizer  for 
high  currents,  thus  a  mechanical  means  was  also  used.     The  cell 
was  placed  on  a  board  which  was  mounted  on  springs.     A  small 
high  speed  motor  was  used  to  vibrate  the  board.     This  caused  the 
electrolyte  to  circulate,  which  worked  very  successfully  as  a 
depolarizer.     The  maximum  power  of  the  test  cell  increased  from 
8.8  watts  to  18.1  watts,  also  the  voltage  remained  practically 
constant  when  the  mechanical  depolarizer  was  used  as  shown  by 
Curve  No .  1 
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PROPORTIONS  OF  CONSTITUENTS  OF  ELECTROLYTE -CHROM- 
IC ACID  CELL. 

Water  ------------------  300  grams. 

Sulphuric  acid  (commercial)  100  cc  -  186.  " 

ii 

Chromium  trioxide  (crO,)  20  " 


DATA  FOR 

CURVE  NO.  1 

Time 

Terminal 

Current 

Power 

Min. 

Voltage 

Amp. 

Watts 

0 

1.72 

0 

0 

i 

1  E>A 
X  •  DO 

JLX  •  O 

1  A  1 
XO  .  X 

2 

1.54 

11.4 

17.6 

3 

1.55 

11.5 

17.8 

4 

1.55 

11.5 

17.8 

5 

1.56 

11.6 

18.1 

6 

1.55 

11.5 

17.8 

7 

1.54 

11.4 

17.55 

8 

1.54 

11.4 

17.55 

9 

1.54 

11.4 

17.55 

10 

1.51 

11.2 

16.9 

First  using  a  potassium  bichromate,  then  a  sodium  bichromate 
electrolyte  of  the  same  relative  proportions  as  was  derived  for 
the  chromic  acid  cell  for  max.  power,  data  for  a  current-output 
curve  was  obtained,  then  at  that  current  with  a  fresh  electrolyte 
a  regulation  curve  was  obtained.     The  agitator  was  used  in  all 
cases.    The  results  show  the  sodium  cell  to  be  the  better. 
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Sodium  bichromate  and  potassium  bichromate  are  about  the 
same  in  price,  but  due  to  the  fact  that  when  potassium  bichro- 
mate is  used  alum  crystals  are  formed  on  the  bottom  of  the  cell, 
which  would  tend  to  ruin  a  battery  after  continued  use^  sodium 
bichromate  is  the  better.     The  sodium  bichromate  is  also  read- 
ily soluble  while  the  potassium  is  only  so  in  hot  water,  which 
is  another  advantage  in  favor  of  the  sodium  bichromate  as  a 
depolarizer. 

The  repeated  results  of  the  sodium  bichromate  cell  are 
shown  by  curves  No.  2  and  No.  3 

PROPORTIONS  OP  CONSTITUENTS  OF 
ELECTROLYTE     -     SODIUM  BICHROMATE  CELL. 
Water  -------------------  300  grams. 

Sulphuric  acid  (commercial)  ------    186  grams. 

Sodium  bichromate  30  grams. 

The  weight  of  zine  consumed  is  2.94  grams. 

DATA  FOR  CURVE  NO.  2 

Current         Voltage  Power 
Amp.  Watts 

0  2.05  0 

.5  2.04  1.02 

1.5  2.01  3.02 

2.1  1.98  4.16 

2.8  1.96  5.50 

3.9  1.94  7.57 
6.0  1.86  11.28 
8.5  1.83  15.55 
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Data  for  Curve  No.  2  (Cont.) 


Current 
Amp. 

9.6 

10.  8 

11.4 

12.5 

13.1 

14.4 


Time 

0 
1 
2 
3 
4 
5 
6 
8 
9 
10 


Voltage 

1.79 
1.76 
1.74 
1.85 
1.57 
1.35 


Data  for  Curve  No.  3 
Voltage  Amperes 


2.05 
1.68 
1.67 
1.67 
1.67 
1.66 
1.55 
1.66 
1.66 
1.66 


0 

12.94 

12.40 

12.40 

12.40 

12.3 

12.2 

12.1 

12.0 

12.0 


Power 
Watts 

17.22 

19.05 

19.90 

20.75 

20.5 

19.47 


Power 
Watts 

0 

20.9 
20.7 
20.7 
20.7 
20.4 
20.2 
20.1 
19.9 
19.9 


In  the  course  of  the  investigation,  there  were  a  number  of 
most  interesting,  if  not  valuable,  facts  brought  out.     The  sul- 
phuric acid  concentration  of  the  electrolyte,  was  proven  to 
effect  the  power  output  very  materially.     This  can  be  shown  by 
its  effect  on  the  voltage  of  the  cell,  starting  with  an 
electrolyte  of  the  following  proportion  by  weight. 
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H20  83# 
H2S04  8.5% 
Cr03  8.5% 

The  concentration    of  H2SO4  was  increased.     The  voltage 
increased  from  1.94  volts  to  2.04  when  the  concentration  of  the 
H2S04  was  increased  to  37$.     A  further  increase  of  H2SO4  did 
not  increase  the  voltage. 

DETERMINATION  OF  SIZE  AND  NUMBER  OF  UNITS  REQUIRED 

The  area  of  the  zinc  plates  of  the  test  cell  were 

4  x  6.25     z  25  sq.   in.   =  .174  sq .  ft. 

The  current  density  therefore  is,  the  current  being  12.45 

amperes  12.45    -  71 # 5  amperes  per  sq.  ft. 
a     174  the 

Using  plate  for  battery  having  dimensions  12  x  12  inches 
a  a 

surface  =  2  sq.  ft. 

Current  obtainable  =  143  amperes. 

Constructing  a  battery  of  21  zinc  plates  and  20  carbon 
plates,  all  connected  in  parallel,  the  current  obtain- 
able from  each  unit  would  be  21x143  =  3000  amperes. 
The  voltage  at  that  current  density  =  1.65  volts. 
Power  (per  unit)  =  1.65  x  3000  =  4950  watts. 

To  deliver  power  at  110  volts  -HQ.    =  67  units  would 

1.65 

be  required  in  series. 

67  x  4950  =  332000  watts  »  332  K.  W.   =  total  power  of 
67  units  in  series. 

To  get  a  system  to  deliver  1000  K.  W.  at  110  volts  3 
units  parallel  and  67  groups  would  be  required,  making 
201  units. 
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This  would  give  a  no  load  voltage  of  67x  2.05  =  139  volts. 

To  get  the  best  results  the  carbon  and  zinc  plates  should 
be  placed  alternately  with  a  space  of  an  eighth  of  an  inch  be- 
tween them.     The  electrodes  should  be  as  close  as  practical  to 
decrease  the  internal  resistance,  yet  should  have  enough  room 
for  the  electrolyte  to  circulate. 

One  fact  to  be  noticed  is  that  as  soon  as  the  electrodes 
are    immersed  in  the  electrolyte  violent  action  begins,  so  to 
use  this  type  of  cells  the  electrolyte  and  electrodes  must  be 
separated  until  energy  is  to  be  utilized.    The  arrangement 
which  will  allow  these  batteries  to  be  adaptable  is  to  have  the 
electrolyte  in  auxiliary  tanks  above  the  battery  tanks.  The 
battery  tanks  should  be  mounted  on  a  platform  which  can  be  set 
in  motion  by  a  lar£,e  motor  to  produce  the  desired  vibratory 
effect.    From  the  auxiliary  tanks  leading  to  the  battery  tanks 
there  should  be  pipes  with  a  stop  cock  or  valves.     The  battery 
is  made  up  of  units  of  20  pairs  of  electrodes  in  parallel,  thus 
the  battery  tanks  are  to  be  quite  large.    Now,  having  the  elec- 
trodes in  place  and  all  connected  up,  the  valves  leading  from 
the  auxiliary  tanks  should  be  so  connected  as  to  be  opened  by 
a  single  lever,  thus  the  instant  the  batteries  are  to  be  put 
in  service,  the  necessary  operations  would  be  th  throw  over  the 
electrolyte  lever,  as  we   can   call  it,   and  then  throw  in  the 
line  switch.    The  E.M.F.  will  rise  to  normal  as  soon  as  the 
electrolyte  comes  in  contact  with  the  electrodes.    For  precau- 
tion, a  voltmeter  should  be  near  the  line  switch,  so  as  to  see 
that  the  line  switch  is  not  thrown  in  before  the  voltage  comes 
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to  normal. 

An  arrangement  that  would  have  the  advantage  not  only  of 
the  saving  of  time  between  the  instant  when  the  power  is  desired 
and  when  it  can  be  furnished,  but  also  of  producing  more  efficient 
depolarization  is  to  have  all  of  the  electrodes  fastened  to  a 
frame  work.     Thus  by  means  of  a  mechanism  the  electrodes  could  be 
lowered  into  the  electrolyte  very  quickly.     Having  all  of  the 
electrodes  fastened  to  a  frame,  the  frame  could  be  set  at  vibra- 
tion, thus  producing  the  agitation  required  for  efficient  depol- 
arization.    This  also  afiords  a  means  of  quickly  removing  the 
electrodes  from  the  electrolyte  when  the  power  is  no  longer  re- 
quired. 

DETERMINATION  OF  COST  OF  POWER. 
Weight  of  materials  consumed  in  test  cell. 

Water         -  300  gr.  .663  lbs. 

H2SO4  -  186    gr.  .410  lbs. 

Na2Cr07      -    30    gr.  .066  lbs. 

Zinc  -  2.94  gr.  .0065  lbs. 

Cost  of  materials, 

H2SO4  (commercial)  1.25  cents  per  lb. 

Na2Cr07  15  cents  per  lb. 

Zinc  (complete  electrodes  amalgamated  TArt.  -  470  gr. )  -  28  cts. 
Cost  of  materials  consumed. 

H2S04        -     .41    x  1.25     =  .51  cents 

Na2Cr07     -     .066  x      15     =  .99  " 

Zinc  -  2.94    x      28     -  .18  " 

470  Total  l7BB*~ 
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Auxiliary  tanks  for  holding  electrolyte  including  valves, 

switching  apparatus,  connection,  base,  etc. 

1,000.00 

Ten  horse  power  motor  including  agitating  apparatus 

as  explained 

500.00 

Labor  of  installation 

1,000.00 

Total  \ 

>  18,375.00 

YEARLY  UPKEEP 

Interest,  taxes,  etc.  l\%  of  initial  cost  \ 

5  1,378.00 

Yearly  labor  cost 

100.00  * 

Cost  of  Materials  used 

825.00 

Yearly  upkeep  cost 

$2,303.00 

Figures  on  storage  battery  equipment  for  standby 

service 

furnished  by  the  Commonwealth  Edison  Co. 

Initial  cost  for  40000  K.  W.   (max.)  $4 

t, 000, 000. 00 

Depreciation  and  upkeep                                            9%  of 

initial  cost 

Interest,  taxes,  etc.                                              l\%  " 

M  it 
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Initial  cost  for  1000  K.  W.  (max) 


|100,000.00 


Depreciation  and  yearly  operating  main- 


tenance cost  -  9%  of  $100,000 


9,000.00 


Interest,  taxes,  etc. 


7,500.00 


Yearly  upkeep 


$16,500.00 


In  balancing  the  cost  of  maintaining  standby  service  by 
means  of  primary  batteries  against  storage  batteries,  there  is 
a  decided  advantage  in  favor  of  the  primary  battery.     The  initial 
cost  of  a  primary  equipment  of  the  same  maximum  power  is  $82,000 
less  than  that  of  the  storage  battery  equipment .     This  gives  a 
great  amount  that  can  be  used  in  perfecting  the  arrangement,  such 
as  automatic  devices  for  throwing  in  the  lever  instantly  the 
power  is  needed,  and  for  perfecting  the  mechanical  depolarizer. 
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CHAPTER  III. 

As  storage  battery  units,  the  size  of  the  units  herein  used 
for  the  primary  batteries  would  have  a  maximum  current  capacity 
of  but  600  amperes  while  that  of  the  primary  battery  is  3000  amp- 
eres, thus  the  room  required  for  primary  battery  equipment  could  be 
much  less,  about  l/4  figuring  the  room  required  for  the  auxiliary 
tanks.     This  is  one  reason  for  the  wide  differences  in  the  ini- 
tial costs.     The  primary  battery  equipment  requires  l/5  the 
number  of  units,  thus  l/5  the  number  of  plates,  battery  tanks, 
quantity  of  electrolyte,  etc. 

Another  advantage  that  exists  is  the  primary  battery  equip- 
ment requires  no  care  whatever  until  after  it  is  used.  Then 
the  auxiliary  tanks  need  to  be  filled  with  the  electrolyte  and 
the  electrodes  washed  of  the  electrolyte  to  prevent  any  action 
while  not  in  use.     After  two  discharges,  the  zinc  electrodes  need 
to  be  reamalgamated ,  which  will  increase  the  yearly  operating 
cost  but  slightly,  as  this  would  be  necessary  but  once  in  two 
years . 

It  is  true,  however,  that  a  system  of  storage  batteries 
floating  on  the  line  is  more  adaptable  for  this  service  as  there 
would  be  no  delay,  but  in  view  of  the  fact  of  the  great  differ- 
ence in  initial  costs  and  operating  expenses  there  could  be 
arrangements  making  this  delay  in  the  primary  battery  system 
but  a  few  seconds.     Then  the  adaptability  of  the  primary  battery 
is  a  balance  to  what  is  lost  by  this  delay  to  what  is  gained  by 
the  great  difference  in  initial  costs  and  operating  costs. 
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